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ABSTRACT 


Mission  availability  is  a  key  component  of  system  effectiveness  wherein 
manpower  forms  a  critical  part  of  the  resource  requirements.  Within  the  United  States  Air 
Force,  military  technicians  supplement  essential  maintenance  and  logistics  support  for 
lighter  aircraft.  Under  certain  conditions,  the  placement  of  these  technicians  in  their  roles 
as  reserve  personnel  creates  disproportionate  economic  loss  for  the  parent  unit  and  the 
reserve  unit.  The  results  of  an  analysis  of  the  F-15D  fighter  aircraft  indicate  that  the 
organization  costs  of  the  military  units  have  a  significant  effect  on  how  long  a  reservist 
should  partition  duty  between  the  military  units  to  achieve  a  minimum  loss  for  both  the 
parent  unit  and  the  reserve  unit. 

This  research  suggests  another  motivation  for  splitting  the  reservist’s  time 
between  the  parent  and  reserve  units.  The  methodology  of  using  loss  functions  to  address 
manpower  allocation  can  be  similarly  applied  to  other  areas  where  there  is  concurrent 
demand  for  the  same  personnel. 
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EXECUTIVE  SUMMARY 


Under  certain  conditions,  the  placement  of  military  technicians  in  their  roles  as 
reserve  personnel  creates  disproportionate  economic  loss  for  the  parent  unit  and  the 
reserve  unit.  This  research  suggests  another  motivation  for  splitting  the  reservist’s  time 
between  the  parent  and  reserve  units.  The  methodology  of  using  loss  functions  to  address 
manpower  allocation  can  be  similarly  applied  to  other  areas  where  there  is  concurrent 
demand  for  the  same  personnel. 

For  the  U.S.  Armed  Forces,  and  in  particular  for  this  research,  the  military 
technicians  (MTs)  in  the  Air  Force  provide  about  11%  of  the  critical  maintenance  labor 
for  fighter  aircraft.  These  MTs  are  reserve  personnel,  civilians,  and  contracted  employees 
(Office  of  the  Assistant  Secretary  of  Defense  for  Readiness  &  Force  Management  2013, 
v).  The  MTs  have  “dual-status”  appointments  in  their  roles  “as  both  federal  civilian 
employees  and  military  reservists”  (Kapp  and  Torreon  2014,  6).  MTs  fonn  the 
predominant  component  of  the  technician  pool  (approximately  96%),  and  account  for 
approximately  41%  of  the  entire  U.S.  reserve  component  manpower.  Any  activity  that 
prevents  an  MT  from  performing  his  maintenance  tasks  to  the  betterment  of  their  military 
department  should  be  investigated  to  find  inefficiencies  and  recommend  solutions.  This 
thesis  explores  the  economic  consequences  of  assigning  MTs. 

Usually,  MTs  fulfill  their  reservist  duties  where  they  work  as  civilian  employees. 
Their  place  of  civilian  employment  (i.e.,  parent  unit)  is  also  their  place  of  work  as 
reservists  (i.e.,  reserve  unit).  However,  situations  arise  that  necessitate  the  assigning  of 
the  MT  to  a  reserve  unit  that  is  different  from  his/her  parent  unit.  In  such  situations,  there 
will  be  competing  demands  for  the  same  human  resource  by  both  the  military  and  reserve 
units.  This  thesis  investigates  the  loss  experienced  by  these  units  when  operational 
priority  results  in  the  assignment  of  an  MT  away  to  a  reserve  unit. 

Loss  functions  are  established  for  the  respective  stakeholders  based  on 
maintenance  scheduling  for  the  F-15D  fighter.  The  results  from  the  analysis  show  that  if 
the  reserve  commitment  of  14  days  can  be  allocated  between  the  parent  unit  and  the 


xvi 


reserve  unit  (rather  than  14  days  at  only  one  of  the  units),  then  there  can  be  an 
accommodating  for  the  losses  incurred  by  both  military  units.  These  relative  losses 
between  the  military  units  are  directly  related  to  the  difference  in  organizational  costs  of 
the  two  military  units. 

The  results  of  an  analysis  of  the  F-15D  fighter  aircraft  indicate  that  the 
organization  costs  of  the  military  units  have  a  significant  effect  on  how  long  a  reservist 
should  partition  duty  between  the  military  units  to  achieve  a  minimum  loss  for  both  the 
parent  unit  and  the  reserve  unit. 
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I.  INTRODUCTION 


A.  OVERVIEW 

A  weapon  system’s  “effectiveness  [is]  defined  as  the  probability  that  the  system 
can  successfully  meet  an  overall  operational  demand  within  a  given  time  when  operated 
under  specified  conditions  or  the  ability  of  a  system  to  do  the  job  for  which  it  was 
intended”  (Blanchard  and  Fabrycky  2011,  427).  There  are  three  key  components  which 
make  up  system  effectiveness:  a)  capability,  b)  availability,  and  c)  dependability 
(Blanchard  and  Fabrycky  2011,  428).  System  capability  is  related  to  how  well  the  system 
can  address  its  intended  function.  As  noted  by  Barringer  (1997,  4,  9),  system  availability 
is  related  to  the  period  that  the  system  is  deployable  for  operations  (up-time)  as  compared 
to  the  period  that  it  is  in  an  inoperable  state  (down-time).  For  system  dependability,  it  is  a 
measure  of  the  “degree  to  which  a  system  is  operable  at  any  random  time  during  a 
specified  mission  profile,  given  that  its  services  are  available  at  the  start  of  the  mission.” 
and  is  an  aggregate  of  measures  such  as  safety,  security,  survivability,  reliability,  and 
availability  (Melhart  and  White  2000,  1). 

In  today’s  context,  ensuring  system  availability  will  take  on  an  increasingly 
important  role  in  addressing  military  operational  requirements.  Studies  have  shown  that 
the  developmental  cost  growth  for  new  weapon  platfonns  is  increasing  (Younossi,  Arena, 
Leonard,  Roll,  Jain,  and  Sollinger  2007,  45): 

Despite  many  efforts  and  numerous  recommendations  to  improve  the 
acquisition  process,  cost  growth  of  DOD  weapon  systems  remains  high. 
Development  cost  growth  for  completed  programs  is  about  60  percent, 
most  of  which  occurs  early  in  the  development  phase.  Further,  our 
analysis  of  completed  programs  shows  that  longer  programs  experience 
higher  cost  growth  than  the  average  DCGF  for  all  programs.  Moreover, 
electronics  programs  have  the  lowest  cost  growth,  and  that  difference  was 
statistically  significant.  Perhaps  the  most  important  finding  of  this  analysis 
is  that  the  trend  of  the  average  development  cost  growth  for  all  weapon 
systems  included  in  our  data  over  the  past  three  decades  has  remained 
high,  without  any  significant  improvement.  (Younossi,  Arena,  Leonard, 

Roll,  Jain,  and  Sollinger  2007,  45) 
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A  key  determinant  of  this  increased  cost  growth  is  that  most  Department  of 
Defense  (DOD)  development  programs  involve  the  incorporation  of  more  complex 
technologies  contributing  to  higher  costs  in  maintenance.  This  introduces  uncertainty  in 
schedule  planning  (Younossi  et  al.  2007,  46).  Coupled  with  budget  limitations,  this  trend 
of  increasing  cost  results  in  delays  to  new  system  acquisitions  and  costlier  maintenance. 
Prime  examples  of  cost  growth  are  advanced  fighter  aircraft.  Thus,  in  order  to  address 
current  operational  requirements  for  fighter  aircraft,  it  is  essential  to  ensure  that  the 
availability  of  existing  weapon  systems  is  maintained. 

System  availability  is  dependent  on  the  system  reliability,  system  maintainability 
and  supporting  logistics  and  administrative  processes  (Blanchard  and  Fabrycky  2011, 
426).  While  system  reliability  affects  how  frequently  the  system  is  down  due  to  failures,  a 
function  of  design  parameters,  maintainability  affects  how  fast  the  system  can  be 
recovered  to  a  serviceable  state,  which  is  dependent  on  the  time  taken  to  carry  out 
maintenance  and  the  availability  of  administrative  and  logistics  support,  such  as 
availability  of  spare  parts,  support  equipment  and  trained  personnel.  To  maintain  a  high- 
level  of  system  availability,  it  is  critical  to  ensure  continual  sustaimnent  of  logistics  and 
administrative  support  for  ready  availability  of  resources  over  the  system’s  life  cycle. 

The  sustaimnent  of  military  systems  is  carried  out  by  the  military  technicians 
(MTs),  who  comprise  approximately  96%  of  the  technicians.  Since  MTs  are  federal 
civilian  employees,  Congress  has  purview  over  the  rules  for  their  end-strength  number, 
benefits,  retirement  regulations,  and  general  policy.  The  MT  program  has  been  around 
since  the  National  Defense  Act  of  1916  (Kapp  2000),  whereby  MTs  simultaneously  serve 
in  the  military  as  reservists  and  as  federal  employees  as  civilians. 

The  objective  of  maintenance  is  to  provide  mission  capable  aircraft.  An  increase 

in  MT  support  correlates  with  an  increase  in  the  number  of  mission  capable  F-15Ds 

(Oliver  et  al.  2001).  To  address  maintenance  and  logistics  operations,  a  range  of 

resources  are  required  which  includes  hardware  such  as  system  spare  parts  (spares), 

support  and  test  equipment,  information  such  as  technical  servicing  manuals  and 

documentation,  as  well  as  qualified  manpower  to  carry  out  maintenance  and  other 

support  activities  such  as  training  and  inventory  management.  For  maintenance  resources 
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such  as  spares,  support  and  test  equipment,  the  scope  of  use  is  generally  limited  to 
specific  platfonn  types.  For  example,  component  spares  dedicated  for  a  particular  aircraft 
model  are  not  able  to  be  used  on  another  aircraft  model;  servicing  instructions  are  drafted 
based  on  the  specific  requirements  of  a  particular  weapon  platfonn  and  are  not  useable  on 
other  platforms.  Maintenance  specialization  is  often  a  critical  factor  considering  that 
familiarity  with  the  platfonn  expedites  its  return  to  operations.  In  contrast,  the  element  of 
manpower  resources  can  take  on  a  more  versatile  role.  The  specifics  or  the  degree  of 
specialization  is  a  factor  that  should  be  considered  in  a  detennination  of  loss.  For 
example,  a  vehicle  mechanic  can  be  qualified  to  maintain  a  variety  of  ground  vehicles, 
ranging  from  armored  tanks,  infantry  vehicles  to  trucks,  where  this  possession  of  a  suite 
of  skill  sets  will  enable  him/her  to  be  deployed  effectively  across  different  domains  in  the 
same  occupation  with  same  duties.  In  this  case,  the  loss  incurred  can  be  minimized  with 
cross  training.  Therefore,  a  critical  need  for  maintenance  may  be  offset  by  using  a  pool  of 
cross-trained  MTs.  However,  an  implication  arising  from  this  cross-equipment  versatility 
is  the  emergence  of  a  competing  demand  for  different  jobs  that  must  be  reconciled  with 
the  allocation  of  that  sole  human  resource.  This  allocation  management  issue  is 
compounded  when  the  resource  pool  is  finite  or  limited  to  only  a  few  individuals. 

B.  OBJECTIVE 

In  view  of  the  potential  competing  demands  for  the  same  maintenance  manpower, 
the  objective  of  this  thesis  is  to  examine  how  these  demands  can  be  managed  within  a 
military  context  to  reduce  overall  costs  to  both  the  reservist  and  parent  units. 

At  least  two  situations  may  arise  that  necessitate  the  assigning  of  the  MT  to  be  a 
reservist  for  a  different  parent  unit.  These  situations  include  1)  the  need  to  address  the 
MT’s  progression  in  rank,  where  the  parent  unit  does  not  have  sufficient  positions  for 
promotion  of  the  MT,  and  2)  the  need  to  augment  the  reservist  pool  of  a  different  parent 
unit  in  preparation  for  a  surge  in  operational  requirements.  In  these  situations,  the  support 
services  of  the  MT  will  have  to  be  co-shared  with  a  separate  reserve  unit.  The  parent  unit 
incurs  a  loss  of  its  MT  while  he  is  on  duty  at  the  other  reserve  unit.  And  if  the 
maintenance  work  is  not  completed  in  the  14-day  period,  the  reserve  unit  experiences  a 

loss  of  the  equipment  while  it  requires  continuing  repair.  The  level  of  loss  incurred  is 
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dependent  on  the  duration  of  the  reservist  recall  period,  the  amount  of  labor  expended 
during  the  recall  period,  and  the  amount  of  time  spent  by  the  MT  to  effect  maintenance 
and  repairs. 

For  this  research,  the  losses  are  predicated  on  the  hourly  expenditure  of  dollars  for 
a  specific  platfonn  (i.e.,  $17,000  per  hour  for  the  F-15D  fighter  aircraft)  versus  an 
administrative  task  that  supports  maintenance  (i.e.,  $328  per  hour  for  handling 
paperwork).  The  worker  is  paid  the  same  amount  per  hour  (for  example,  assuming  no 
premium  is  paid  for  hazard  duty  or  locale  adjustment)  regardless  of  the  task  assigned,  as 
long  as  the  diversity  of  work  tasks  fall  within  the  worker’s  occupation  duties.  This 
perspective  is  the  accepted  basis  for  cost  accounting  worldwide. 

The  focus  of  this  thesis  is  to  investigate  a  problem  that  arises  when  there  is 
competing  demand  for  the  services  of  the  MT  by  maintenance  personnel  in  the  U.S.  Air 
Force  reserve  units  that  are  not  the  MT’s  parent  unit.  From  the  perspective  of  the  parent 
unit,  the  problem  is  the  loss  of  an  employee  for  fourteen  days  and  the  resultant  delay  in 
work  that  the  MT  was  doing.  From  the  perspective  of  the  reserve  unit,  the  problem  is  the 
reduction  in  availability  of  much  needed  aircraft,  if  the  MT  does  not  spend  fourteen  days 
supplementing  their  maintenance  efforts.  Both  the  parent  unit  and  the  reserve  unit  need  to 
establish  a  way  of  managing  the  flow  of  MTs  between  the  roles  of  civilian  employees  and 
reservists  under  military  and  reserve  units.  Since  the  duration  of  reservist  duty  is  two 
weeks  for  this  research,  if  the  time  to  satisfy  the  operational  requirement  was  less  than 
two  weeks  and  the  MT  did  not  return  to  the  parent  unit,  the  parent  unit  would  continue  to 
experience  a  loss  for  any  time  away  from  the  parent  unit.  However,  if  the  operational 
need  in  the  reserve  unit  is  satisfied  in  less  than  two  weeks,  then  the  MT  could  return  to 
his  parent  unit  to  serve  the  remaining  time  as  a  reservist.  Even  though  such  arrangements 
for  splitting  the  reservist’s  time  are  possible  under  existing  policy,  the  economic  impact 
on  the  parent  and  reserve  units  is  not  discussed  in  the  literature.  This  thesis  investigates 
the  implications  for  economic  loss  as  part  of  the  decision  calculus  for  splitting  time 
between  the  military  units.  Partitioning  the  reservist’s  time  between  a  parent  unit  and  a 
reserve  unit  is  not  common  practice.  However,  this  shared  utilization  of  MT’s  labor  may 
minimize  the  loss  incurred  by  the  parent  unit,  while  satisfying  the  reserve  unit’s  need. 
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Both  units  will  experience  loss  given  the  circumstances  that  allow  for  the  return  of  the 
MT  to  the  parent  unit  before  the  end  of  the  14  days. 

A  priority  need  can  arise  that  influences  the  number  of  days  in  which  an  MT  is 
away  from  the  parent  unit.  A  priority  reflects  the  urgent  need  for  maintenance  labor  to 
increase  the  availability  of  aircraft.  If  that  priority  need  is  satisfied  before  the  end  of  the 
14-day  period,  the  MT  could  return  to  the  parent  unit,  thereby  minimizing  the  loss  to  the 
parent  unit.  It  can  be  the  priority  maintenance  need  that  precipitates  the  change  in  duty 
for  the  MT  for  an  upcoming  reserve  period.  While  other  conditions  apply  for  change  in 
duty  station,  this  example  based  on  priority  is  used  to  demonstrate  the  utility  of  a  loss 
function  for  thinking  about  the  costs  and  tradeoffs  that  affect  the  costs  of  maintenance. 

Retaining  the  MT  beyond  what  is  necessary  to  satisfy  the  operational  needs  of  a 
reserve  unit  causes  hann  to  carrying  out  the  work  tasks  of  the  parent  unit.  The  causing  of 
undue  losses  to  the  parent  unit  depends  on  the  total  hourly  costs  attributable  to  the 
maintenance  work  in  the  parent  unit.  The  loss  incurred  by  the  reserve  unit  depends  on  the 
total  hourly  costs  attributable  to  the  maintenance  work  in  the  reserve  unit  if  the  MT  does 
not  complete  the  maintenance  that  is  planned  for  the  14  days.  In  the  extreme,  if  the 
maintenance  work  on  the  equipment  is  never  completed,  then  the  reserve  unit  experiences 
a  complete  loss  of  the  use  of  the  equipment,  i.e.,  its  replacement  cost. 

The  benefit  of  solving  this  problem  is  there  may  be  instances  when  an  optimum 
reservist  recall  period  can  be  adjusted  to  minimize  the  total  loss  incurred  by  both  units. 
Policy  issues  are  important,  however  they  are  outside  the  scope  of  this  research. 
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II.  CONTEXT 


In  order  to  sustain  daily  operations  in  military  commands,  units  in  the  military 
reserve  are  made  available  for  work.  Their  duties  include  “to  organize;  administer; 
instruct;  recruit  and  train;  maintain  supplies,  equipment  and  aircraft;  and  perform  other 
functions”  (Kapp  and  Torreon  2014,  5-6).  The  pool  of  full  time  support  (FTS)  personnel 
consists  of  the  following  five  categories:  “Active  Guard  &  Reserve,  Military  Technician, 
Non-Dual  Status  Technician,  Active  Component,  and  Civilian”  (Kapp  and  Torreon  2014, 
6).  Two  consequences  of  reservists  filling  positions  to  support  operational  needs  are  the 
reduction  in  labor  expenses  for  work  performed  and  the  growing  dependence  of  the 
operations  forces  on  the  value  added  by  the  reservists.  The  short-term  benefit  of  the 
reduced  manpower  costs  in  a  budget-constrained  environment  is  offset  by  the  command’s 
reliance  on  the  two-week  reserve  duty  to  carry  out  maintenance.  As  the  demand  for 
supporting  operational  requirements  shifts  from  full-time  military  personnel  to  the 
reservists,  the  harmful  consequences  increase  for  not  having  access  to  the  people  on 
whom  the  force  is  becoming  more  reliant.  The  relative  proportions  of  the  reserve 
manpower  size  are  illustrated  by  Table  1. 


Table  1.  Proportion  of  Reserve  Component  Manpower  (from  Kapp  and 

Torreon  2014,  8) 

Table  2.  Reserve  Component  Full  Time  Support  Personnel  as  of  September  30,2013 


Active  Guard 
and  Reserve 

Technician1 

Active 

Component 

Civilian 

Total 

Army  National  Guard 

31.1 1 1 

27.393 

184 

785 

59.473 

Army  Reserve 

16.372 

9.040 

68 

3.060 

28.540 

Navy  Reserve 

10.143 

0 

1.948 

782 

12.873 2.873 

Marine  Corps  Reserve 

2.244 

0 

3.778 

293 

6.315 

Air  National  Guard 

14.557 

2Z568 

208 

208 

37.541 

Air  Force  Reserve 

2.813 

8.992 

521 

3.865 

16.191 

Total 

77,24077,240 

67,99367,993 

6,707 

8,993 

160,933 

Source:  Data  provided  by  the  Department  of  Defense 
a.  Includes  Dual  Status  and  Non-Dual-Status  Technicians 
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Approximately,  12%  of  the  technician  reservists  are  MTs.  In  the  special  case  of  National 
Guard  MTs,  the  Federal  law  governing  MTs  is  known  as  the  Technician  Act,  Title  32. 
Under  Title  32,  these  MTs  are  not  to  be  compensated  for  irregular  or  overtime  work.  It  is 
observed  that  in  recent  years  there  is  a  gradual  decline  in  the  number  of  MTs.  Since  1998, 
a  budget  low  in  the  past  40  years  (Lawrence  2000),  the  number  of  MTs  has  decreased. 
Not  surprisingly,  the  sophistication  and  specializations  of  the  MTs  have  increased 
dramatically  in  these  past  15  years,  requiring  a  greater  number  of  technicians  than 
indicated  in  Table  1.  Consequently,  higher  annual  compensation  is  paid  -  nominally 
$87,060  (in  FY2000  dollars),  including  wages  ($65,364),  benefits  ($19,606),  education 
($1,200),  and  training  ($900)  (USAF  2015,  BLM  2015). 

There  are  both  incentives  and  disincentives  to  being  an  MT.  Extrapolating  the 
MT’s  average  pay  plus  benefits  to  FY2014  dollars,  the  MT  takes  increases  to  $100,000, 
or  approximately  a  $30  million  budgetary  impact  in  2014.  Contrast  that  budgetary  impact 
of  the  MTs  in  1998  as  $163  million,  in  2014  dollars  (ODUSD(PI)(RQ)  1999).  There  is  a 
corresponding  reduction  of  81%  in  maintenance  technicians  since  1998.  The 
sophistication  of  the  aircraft  has  increased  significantly  and  is  now  creating  severe  issues 
with  operational  readiness.  In  1982,  MTs  were  half  of  the  military  maintenance 
workforce.  Now  at  96%  of  the  technical  workforce,  the  MTs  are  more  important  than  in 
previous  years.  Their  impact  on  operational  readiness  is  a  topic  for  Congressional  Inquiry 
and  DOD  policy  to  develop  incentives  to  attract  and  keep  the  MTs  working. 
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III.  PROBLEM  DEFINITION:  DEMAND  FOR  MILITARY 

TECHNICIANS 


For  the  MTs,  the  existing  regulation  states  the  following:  “Unless  specifically 
exempted  by  law,  each  individual  who  is  hired  as  an  MT  (dual  status)  after  December  1, 
1995,  shall  be  required  as  a  condition  of  that  employment  to  maintain  membership  in — 
(A)  the  unit  of  the  Selected  Reserve  by  which  the  individual  is  employed  as  a  military 
technician;  or  (B)  a  unit  of  the  Selected  Reserve  that  the  individual  is  employed  as  a 
military  technician  to  support”  (House  Committee  on  Armed  Services  2011,  2229-2230). 
Currently,  the  policy  for  managing  MTs  allows  for  assigning  them  as  a  reservist  to  the 
same  organizational  unit  that  he  or  she  works  for  as  a  civilian  under  certain  conditions. 
Under  this  policy,  there  should  be  negligible  disruption  to  the  support  that  the  MT 
provides  when  transiting  between  the  civilian  and  reservist  roles.  However,  based  on 
regulation  clause  (B),  there  is  a  possibility  that  the  MT  will  be  assigned  to  another  reserve 
unit  that  is  different  from  his  or  her  primary  place  of  employment  (referred  to  as  the 
parent  unit).  Reasons  that  can  lead  to  this  scenario  are  as  follows: 

•  Route  of  Advancement  Opportunities — As  military  reserves,  MTs  are 
expected  to  qualify  for  military  promotions  (Cage  2000,  7).  With  a  smaller 
number  of  positions  left  available  at  the  higher  echelons,  it  is  expected  that 
the  MT  will  have  to  be  tagged  to  a  separate  unit,  if  his  or  her  original  unit 
does  not  have  sufficient  positions  available  to  address  promotion 
requirements. 

•  Surge  in  Operational  Requirements — With  the  increasingly  significant 
role  played  by  the  reserve  components  in  military  operations,  certain 
reserve  units  may  experience  a  surge  in  operational  requirements,  which 
translates  to  an  increased  need  for  logistics  and  maintenance  support.  In 
cases  where  the  reserve  unit’s  organic  manpower  is  not  sufficient  to 
address  the  increase  in  requirements,  additional  manpower,  inclusive  of 
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MTs,  will  need  to  be  transferred  from  other  units  so  as  to  augment  the 
manpower  supportability. 

In  the  event  that  the  MT  has  to  support  a  reserve  unit  in  his  or  her  reservist 
capacity,  this  change  from  work  in  their  parent  unit  may  give  rise  to  a  competing  demand 
for  his  or  her  service  support.  During  the  period  that  the  MT  reports  for  reserve  duty  in 
the  reserve  unit,  there  will  be  a  “loss”  in  supportability  for  his  or  her  civilian  employment 
unit  (the  parent  unit).  When  the  MT  completes  his  or  her  reserve  obligation  and  returns  to 
the  parent  unit,  there  will  be  a  corresponding  “loss”  in  supportability  for  his  or  her 
reserve  unit.  The  losses  that  are  incurred  by  both  parent  unit  and  reserve  unit  are  an  issue 
that  forms  the  focus  for  the  thesis.  The  research  question  can  be  stated  as  follows: 

How  can  the  loss  incurred  be  reduced  by  both  parent  unit  (the  reservist’s  civilian 
position)  and  reserve  unit  due  to  the  transition  of  MTs  between  the  roles  of  civilian 
employee  and  reservist? 

An  investigation  into  the  stakeholders  involved  with  the  military  and  reserve  units 
provides  information  on  the  differences  between  the  needs  of  the  parent  unit  and  the 
reserve  unit. 
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IV.  STAKEHOLDERS  AND  SCENARIOS 


Stakeholders  are  those  individuals  and  organizations  who  either  have  an  interest 
in  the  outcome  of  solving  a  problem  or  who  are  causing  loss  to  another  stakeholder  who 
also  has  an  interest  in  the  outcome  of  the  event.  A  stakeholder  can  be  defined  as  “an 
entity  (a  person  either  acting  alone  or  representing  an  organization)  who  can  influence  the 
conceptualization  or  funding  of  the  development  project,  or  the  product’s  or  service’s 
acceptance,  operations,  or  disposal”  (Langford  2012,  259).  “A  stakeholder  is  anyone  who 
significantly  affects  or  is  affected  by  decision-making  activity  that  influences  the  product 
or  service,  where  in  a  broader  sense,  it  is  someone  with  an  interest  or  concern,  and 
specifically  someone  at  risk  due  to  the  product  or  service”  (Langford  2012,  259).  The 
three  key  stakeholders  that  should  be  considered  are  the  parent  unit,  the  reserve  unit,  and 
the  MT.  In  this  research,  the  perspectives  and  needs  of  the  parent  and  the  reserve  units  are 
used  to  develop  a  loss  function  which  models  the  losses  incurred  by  parent  unit  and  the 
reserve  unit  based  on  the  time  spent  by  the  MT  with  each  unit.  The  impacts  of  the  MT 
and  the  secondary  stakeholders  such  as  the  MT’s  family  members  are  important  for 
retention  of  the  MT,  but  are  out  of  scope  for  this  research. 

A.  MEASURE  OF  PERFORMANCE 

The  development  of  measures  of  perfonnance  is  common  in  military  and 
commercial  applications.  For  example,  decisions  concerning  allocation  of  scare  resources 
(Langford  2012)  applies  to  both  realms  of  these  applications.  A  means  of  evaluating  the 
measures  of  perfonnance  is  to  consider  an  optimum  target  that  is  achievable  within  a 
range  of  less-than  and  greater-than  perfonnances  that  specify  the  limits  of  acceptability. 
Variances  from  the  target  performance  can  be  either  equal  in  their  deviation  or  skewed  in 
favor  of  the  less-than  specification  or  the  greater-than  specification  limits  (Appendix  A). 

To  detennine  the  relationship(s)  between  the  losses  incurred  by  the  parent  unit 
and  the  reserve  unit,  time  (in  24-hour  daily  increments)  was  selected  as  the  measure  that 
captured  the  loss  in  tenns  of  dollars.  The  effect  of  these  losses  on  the  MT  and  on  the 
parent  unit  was  reflected  in  the  parent  unit’s  total  cost  of  carrying  out  their  operations  on 
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a  daily  basis.  A  daily  rate  of  expenditures  for  each  organizational  unit  was  calculated  (in 
the  case  of  the  parent  unit),  but  based  on  published  literature  (for  the  reserve  unit). 

To  detennine  the  daily  cost  for  the  parent  organization,  the  following  scenario 
was  developed  to  represent  an  extreme,  but  plausible  contrast  to  the  needs  of  the  reserve 
unit.  Like  the  reserve  unit,  the  parent  unit  is  responsible  for  maintenance  on  the  F-15D. 
The  timeframe  for  the  scenario  is  within  the  ten  years  period  between  1998  and  2008. 

1.  Parent  Unit  Situation 

The  parent  unit  is  a  small  training  unit  that  works  on  F-15D  aircraft.  While  their 
parent  duties  are  to  be  trained  on  maintenance  procedures  and  repairs,  they  also  carry  out 
general  equipment  repair.  They  have  one  F-15D,  normally  6  MTs,  one  certified  pilot,  and 
about  half  the  parts  stocked  that  they  need  at  any  one  time.  For  the  most  part,  their  work 
is  perfonned  outdoors  adjacent  to  a  six  room  Quonset  hut  in  the  high  desert  of  New 
Mexico.  Recently,  maintenance  and  repair  work  on  the  F-15D  has  stopped,  while  they 
await  engine  parts  to  complete  their  maintenance  and  repair  tasks.  Their  organizational 
costs  do  not  reflect  the  full  depot  costs  associated  with  F-15D  maintenance  and  repair, 
but  rather  are  typical  of  administrative  work,  training,  and  light  repair  of  air  conditioners. 
On  average,  the  6  technicians  from  parent  unit  spend  only  7%  of  their  time  on  the  F-15D, 
which  is  quite  unusual.  Whereas,  the  F-15D  was  mission  capable  43%  to  83%  of  the  time 
(GAO  1982;  2003;  NSIAD  1981),  the  parent  unit’s  F-15D  is  mission  capable  only  0.01% 
of  the  time,  or  about  a  two-hour  flight  once  per  year. 

The  MT  at  the  parent  unit  is  paid  the  same  amount  per  hour  as  the  MT  supporting 
the  reserve  unit  (assuming  no  premium  is  paid  for  hazard  duty  or  locale  adjustment).  All 
tasks  assigned  to  the  MTs  fall  within  the  MTs’  occupation  and  duties  of  the  jobs. 
Therefore,  an  MT’s  compensation  is  based  on  the  occupation  and  duties  of  the  job,  but 
not  on  the  value,  mission,  or  value  of  equipment  that  is  maintained  or  repaired  by  the 
MT.  This  perspective  on  cost  accounting  is  commonly  practiced  worldwide  in 
government,  military  and  industry. 
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Since  97%  of  the  work  perfonned  by  the  parent  unit  is  administrative  and  light 
maintenance  on  the  office  air  conditioner,  an  MT’s  cost  per  hour  is  nominally  $328 
(assuming  a  total  of  $87,060  in  annual  compensation  (Table  2)  plus  overtime  pay  for  2 
hours  at  1.5x  fully-burdened  hourly  rate).  The  hourly  maintenance  and  repair  rate  for  the 
F-15D  in  2008  dollars  was  $17,000  (Senate  2009). 


Table  2.  Basic  Labor  Expenses  for  MTs  Supporting  F-15D 


1st  Fighter  Wing,  Langley  Air  Force  Base,  Virginia 

Wages* 

$31.42/hr 

$  65,353.60 

per  year 

Bureau  of  Labor  Statistics 

Training 

$900.00 

$900 

per  year 

Estimated 

Courses 

$1,200.00 

$1,200 

per  year 

Estimated 

Benefits* 

$  19,606.08 

per  year 

Bureau  of  Labor  Statistics 

Total  annual 
compensation* 

$  87,059.68 

per  year 

or 

$41. 80/hr  fully  burdened 

Referencing  data  from  the  Bureau  of  Labor  Statistics  and  Langley  Air  Force  Base  publication, 
http://obiect.cato.org/sites/cato.org/fdes/pubs/pdf/tbb-59.pdf 


Organizational  costs  for  the  parent  unit  are  based  on  93%  administrative  work  and 
light  maintenance  of  air  conditioning  equipment  and  7%  maintenance  and  repair  work  on 
the  F-15D.  The  parent  unit’s  organizational  cost  for  administrative  and  light  maintenance 
is  based  on  the  hourly  labor  rate  for  the  MT  ($328,  including  2  hours  overtime  per  day). 
The  maintenance,  repair,  and  operational  costs  (electricity)  of  the  office  air  conditioner 
adds  an  additional  $0.52  per  hour.  The  work  on  the  air  conditioning  equipment  assumes 
one  $100  per  repair  (labor  and  parts)  per  year  for  12  years  +  $2. 60/hour  for  350  hours  of 
use  +  the  purchase  price  of  $600  +  $350  for  installation  =  $13,070  amortized  over  12 
years  or  $1,089  per  year  or  $0.52  per  work-day  hour  (2080  per  year).  All  of  the  other 
expenses  for  the  facilities,  operations,  supplies,  transportation,  communications,  and 
support  of  the  parent  unit  total  $133,140  per  year  or  $64  per  hour,  typical  of  a  small 
training  center  located  in  New  Mexico  in  2003.  The  parent  unit’s  organizational  costs  are 
$2,362  per  hour. 
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2. 


Reserve  Unit  Situation 


In  contrast  to  the  parent  unit,  the  reserve  unit  is  a  large  depot  maintenance  shop, 
with  nearly  500  repair  and  maintenance  personnel,  150  administrative  personnel,  and  40 
pilots  certified  on  the  F-15D  aircraft.  The  unit’s  organizational  cost  for  maintaining  and 
repairing  F-15D  aircraft  is  nominally  $17,000  per  hour  (Senate  2009).  Effectively,  100% 
of  the  organizational  costs  are  focused  on  the  maintenance  and  repair  work  on  F-15Ds. 
The  general  maintenance  characteristics  of  the  reserve  unit  are  as  follows: 


•  30  aircraft  at  the  1st  Tactical  Fighter  Wing,  Langley  Air  Force  Base, 
Virginia  (NSIAD  1991) 

•  $  17,000  per  hour  of  maintenance,  in  2008  dollars  (Senate  2009) 

•  MTs  comprise  11.1%  of  the  maintenance  personnel  at  the  1st  Tactical 
Fighter  Wing  F-15  (Langley  2008) 

•  Average  flight  time  =  1.58  hours  (in  the  ratio  of  2,400  miles/1520  miles/ 
hour) 

•  Number  of  maintenance  hours  per  hour  of  flight  time  =  34.74,  based  on 
1.58  flight  hours  *22  hrs.  of  maintenance  per  flight  (Airliners.net  2005) 

•  8,000  equivalent  flight  hours  ( Aviation  Week  2012) 

•  375  flight  hours  per  year  over  lifetime,  with  8,000  equivalent  flight  hours 
in  21  yrs  (GAO  2003) 

•  237  flights  per  year  at  the  average  flight  time  of  1 .58  hours 

•  8,285  labor  hours  of  maintenance  per  year  to  support  one  aircraft  for  375 
flights  (22  hours  of  maintenance/flight  hour  *  375  flights  per  year) 

•  43.45  hours/day  of  maintenance  for  120  day  or  5.43  maintenance  people 
per  day  for  120  days 

•  Maintenance  and  repair  work  is  usually  performed  in  teams  of  5-6  people 
(Langley  2009) 

•  Mission  Capable  Aircraft  Availability  ranges  from  40%  to  85%  (NSIAD 
1991) 
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•  The  rule  of  thumb  for  planning  is  that  unscheduled  maintenance  is  50%  of 
the  scheduled  maintenance  workload  (Alfares  1999) 

3.  Discussion  of  Parent  Unit  and  Reserve  Unit  Situations 

The  differences  between  the  total  costs  of  maintenance  for  the  parent  and  the 
reserve  units  are  characterized  as  the  costs  attributable  to  the  apportionment  of  work  as 
are  dependent  on  the  levels  of  maintenance,  the  number  of  labor  hours  of  maintenance; 
the  various  costs  of  labor,  parts,  facilities,  supplies,  and  support;  and  the  requirement  for 
defect-free  equipment  during  hours  of  availability,  i.e.,  mission  capable  aircraft.  Both 
units  must  delay  maintenance  due  to  shortages  of  parts.  A  depot  may  wait  for  parts  or 
maintenance  expertise  or  both  for  up  to  57%  of  the  time  (GAO  1982).  While  waiting  for 
parts  for  one  aircraft,  the  reserve  unit  works  on  other  aircraft.  While  waiting  for  parts  for 
their  aircraft,  the  parent  unit  spends  93%  of  their  time  working  administrative  tasks  and 
performing  light  maintenance  on  their  air  conditioner.  It  is  these  differences  that  account 
for  the  significant  differences  in  the  organizational  costs  per  hour  for  maintenance. 

For  this  research,  the  losses  are  predicated  on  the  hourly  expenditure  of  dollars  for 
a  specific  platfonn  (i.e.,  $17,000  per  hour  for  the  F-15D  fighter  aircraft)  versus  an 
administrative  task  that  supports  maintenance  training,  i.e.,  $2,362  per  hour  for 
performing  light  maintenance  on  the  F-15D,  maintaining  office  air  conditioners,  and 
handling  paperwork. 

Note:  The  scenarios  used  in  this  research  were  constructed  from  a  variety  of 
published  sources  that  viewed  the  F-15D  as  an  aircraft  with  common  problems  and 
tractable  solutions  over  a  forty-year  time  span.  The  various  sources  present  a  consistent 
description  of  maintainability  over  the  F-15  variants  that  were  in  service. 
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V.  DEVELOPMENT  OF  A  MAINTENANCE  MODEL  FOR  F-15D 


The  organizational  costs  for  the  parent  unit  and  the  reserve  unit  are  attributable  to 
the  daily  expenditures  for  labor,  parts,  outside  services,  and  equipment  to  carry  out  their 
mission. 

A.  MAINTENANCE  PLANNING  FOR  THE  PARENT  UNIT 

Each  day  the  average  rate  of  costs  are  incurred  at  the  rate  of  $392  ($328  per  day 
labor  plus  $64  for  all  other  expenses).  When  the  MT  is  not  working  at  the  parent  unit,  the 
parent  unit  has  lost  the  ability  to  have  its  work  completed  (without  having  a  means  to  hire 
a  temporary  replacement).  The  loss  can  be  thought  of  as  a  loss  of  control  over  the  ability 
to  have  work  done  (i.e.,  started,  continued,  finished)  according  to  schedule.  The  impacts 
of  not  keeping  to  schedule  represent  a  loss  to  the  parent  unit.  Two  types  of  losses  occur. 
First,  there  is  a  loss  due  to  the  variability  in  keeping  to  the  schedule.  When  the  MT  stops 
working,  the  scheduled  work  is  delayed,  i.e.,  signifying  variability  in  keeping  to  the 
schedule.  The  consequences  of  a  delay  represent  a  loss  to  the  parent  unit.  Second,  there  is 
a  loss  due  to  the  harmful  consequences  of  missing  the  schedule  of  work.  These  losses 
could  include  not  competing  essential  paperwork,  not  completing  a  maintenance  check  or 
a  repair,  or  not  returning  the  aircraft  to  mission  capable  readiness.  The  quality  of  the 
MT’s  work  is  considered  good  (acceptable)  if  the  aircraft  performs  its  intended  functions, 
e.g.,  ‘to  take  off,  ‘to  fly’,  ‘to  carry  out  mission’,  and  ‘to  land.’  And,  when  the  MT’s  work 
is  not  perfonned,  then  there  is  no  work  and  therefore  unacceptable  performance. 

With  regards  to  replacement  workers,  they  can  be  hired  to  replace  the  MT  on  a 
temporary  basis  if  there  is  a  contract  or  other  means  setup.  Temporary  replacement 
workers  are  typically  billed  at  a  premium  to  the  costs  of  employees,  and  may;  i)  require 
additional  instruction  to  carry  out  the  work;  ii)not  present  the  appropriate  skill  set;  iii)  not 
be  as  productive  as  an  employee;  and  iv)  not  be  available  when  needed.  Temporary 
workers  may  result  in  unacceptable  losses.  The  decision  to  hire  temporary  replacement 
workers  should  be  considered  a  schedule  risk. 
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Given  the  losses  due  to  variability  in  being  able  to  stay  on  schedule  with  the  work, 
and  the  risk  of  hiring  acceptable  replacement  workers,  an  effective  means  of  calculating 
the  loss  is  to  assume  the  loss  is  the  daily  organizational  costs  multiplied  by  the  14  day 
reserve  duty  ($5,488).  Figure  1  illustrates  these  daily  losses,  a  linear  relationship,  x. 


Figure  1 .  Daily  Losses  to  the  Parent  Unit  when  the  MT  Works  at  the 

Reserve  Unit 


B.  MAINTENANCE  PLANNING  FOR  THE  RESERVE  UNIT 

The  loss  attributable  to  the  reserve  unit  is  also  determined  by  their  organizational 
costs  to  repair  and  maintain  the  F-15D.  Each  day  of  maintenance  and  repair  work  brings 
the  aircraft  closer  to  being  mission  capable.  When  an  aircraft  is  taken  out  of  service  for 
repair  and  maintenance,  the  loss  to  operational  availability  is  realized.  That  loss  is 
reflected  in  the  consequences  of  not  having  that  aircraft  when  needed,  and  is  valued  up  to 
the  replacement  cost  of  $30,000,000  ($24,400,000  basic  fighter  platform  +  $5,600,000  in 
“obsolescence  upgrades”  for  the  F-15D)  (DOD  2014).  If  maintenance  is  not  perfonned  to 
return  the  aircraft  to  mission  capable  readiness,  the  loss  is  said  to  be  infinite.  In  other 
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words,  the  loss  is  undeterminable.  When  maintenance  technicians  begin  work  on  the  out- 
of-service  aircraft,  the  loss  is  reduced  as  the  work  progresses.  This  accounting  approach 
of  losses  is  consistent  with  Taguchi’s  work  that  relates  the  loss  function  to  quality  (Peace 
1993). 

The  planning  of  maintenance  and  repair  work  for  aircraft  progresses  according  to 
a  four-tiered  level  approach  to  inspecting,  analyzing,  evaluating,  repairing,  and  testing 
commercial  and  military  aircraft.  The  aim  of  this  approach  is  to  identify  and  confirm 
problems,  anticipate  and  detail  work,  schedule  work,  secure  needed  resources,  plan  labor 
to  satisfy  schedule,  do  work,  and  evaluate  work  to  determine  mission  capability.  These 
functional  requirements  for  aircraft  maintenance  have  evolved  over  the  past  50  years 
(Army  1960)  to  modern  commercial  and  military  aircraft  (Sriram  2001).  The  Federal 
Aviation  Agency  requires  frequent  inspections  of  commercial  aircraft  as  does  the  DOD 
with  military  aircraft. 

1.  Level  A  Maintenance 

In  addition  to  the  walk-around  check  that  is  carried  out  by  ground  crews  and 
pilots,  a  fonnal  inspection  (termed  Type  A  or  Level  A)  of  engines,  landing  gears,  control 
surfaces,  tires,  and  gross  structural  defects  occurs  frequently.  For  military  aircraft,  Level 
A  inspections  can  occur  after  every  10  hours  of  flight  or  approximately  60  times  per  year. 
Level  B  inspections  occur  after  Level  A  inspections  and  often  incorporate  some  or  all  of 
the  tasks  of  Level  A.  The  annual  organizational  costs  of  Level  A  inspections  are 
$923,312  ($17,000  in  reserve  unit  costs/  hour/year  *  43.45  hours/day  of  maintenance  for 
120  day/year  *  10  hours  worked  per  day  /  8  hours  scheduled  per  day). 

2.  Level  B  Maintenance 

Level  B  inspections  and  maintenance  activities  include  a  comprehensive  visual 
inspection  of  the  aircraft  and  lubrication  of  all  moving  parts  (Sriram  2001).  Due  to  the 
need  to  remove  access  panels  on  the  aircraft’s  exterior  so  that  systems  and  operational 
tests  can  be  carried  out,  Level  B  work  is  sometimes  perfonned  inside  a  hanger. 
Frequencies  for  Level  B  inspections  of  the  F-15D  were  extrapolated  from  flight  times  and 
the  frequency  of  Level  B  inspections  for  commercial  aircraft  (American  Airlines  2011) 
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based  on  the  number  of  flights  multiplied  by  the  ratio  of  the  speed  of  the  F-15D  to  that  of 
the  Boeing  747  (Bandte  2000).  Extrapolations  of  number  of  all  maintenance  events  for 
military  aircraft  from  the  practices  with  commercial  passenger  aircraft  (Transport  Studies 
Group  2008;  Squadron  2008;  American  Airlines  2011)  are  consistent  with  the 
maintenance  experience  of  the  355th  Maintenance  Operations  Squadron  (Squadron  2008) 
and  F-15  aircraft  experience  in  the  U.S.  Air  Force  (USAF  F-15  2007;  USAF  Factsheet 
2006),  that  are  categorized  as  Level  A,  Level  B,  Level  C,  and  Level  D  inspections  and 
maintenance  events. 

The  annualized  organizational  costs  of  Level  B  inspections,  maintenance,  and 
repair  are  $2,215,950  ($17,000  in  reserve  unit  costs/  hour/year  *  43.45  hours/day  of 
maintenance  for  120  day/year  *  24  hours  worked  per  day  /  8  hours  scheduled  per  day). 
Level  B  work  is  modeled  to  occur  after  every  24  hours  of  flight  or  approximately  316 
times  per  year.  Level  B  work  incorporates  the  inspections  carried  out  in  Level  A  and 
Level  B  may  alternate  with  Level  A  inspections  (Transport  Studies  Group  2008). 

3.  Level  C  Maintenance 

Level  C  inspections  and  maintenance  work  include  thorough  service  of  the 
airframe  structure,  in  addition  to  Level  A  and  Level  B  work.  Schedule,  but  non-routine 
maintenance  is  part  of  Level  C  work  (Transport  Studies  Group  2008).  Level  C  work  on 
the  F-15D  is  modeled  as  occurring  twice  per  year  for  40  hours  per  each  of  these 
maintenance  events.  The  annualized  organizational  costs  of  Level  C  inspections, 
maintenance,  and  repair  are  $3,693,250  ($17,000  in  reserve  unit  costs/  hour/year  *  43.45 
hours/day  of  maintenance  for  120  day/year  *  40  hours  worked  per  day  /  8  hours 
scheduled  per  day). 

4.  Level  D  Maintenance 

Level  D  maintenance  is  the  most  comprehensive  of  all  levels  of  maintenance. 
Level  D  occurs  at  depots  that  are  equipped  and  staffed  to  completely  disassemble, 
replace,  and  test  all  parts  of  the  aircraft  (Rand  2008).  One  Level  D  maintenance  event 
occurs  every  16.36  months  with  an  annualized  organizational  cost  of  inspections, 
maintenance,  and  repair  of  $14,773,000  ($17,000  in  reserve  unit  costs/  hour/year  *  43.45 
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hours/day  of  maintenance  for  120  day/year  *  160  hours  worked  per  day  /  8  hours 
scheduled  per  day). 

5.  Model  for  Scheduling  Maintenance  Levels  and  Incurring  Costs 

There  are  two  key  reasons  for  scheduling  maintenance  based  on  the  four-tiered 
level  approach.  Maintenance  categorized  and  carried  out  based  on  Levels  A,  B,  C,  and  D 
has  been  demonstrated  to  identify  problems  quickly  to  avoid  hazards  and  to  minimize 
expensive  repairs,  for  example,  that  might  result  from  small  issues  cascading  into  major 
problems;  and  secondly,  to  create  a  schedule  for  planning  labor  and  resources  so  the 
maintenance  can  be  performed  in  the  most  expeditious  manner  to  return  the  aircraft  to 
mission  capability.  The  sequencing  of  levels  of  maintenance  fonns  the  schedule  for 
planning  labor  needs,  allocation  of  resources,  inventory  management  for  replacement 
parts,  and  repair  operations. 

Consider  the  following  results  from  a  sequence  of  maintenance  events.  During  a 
Level  A  inspection,  the  maintenance  team  determines  that  the  F-15D  aircraft  is  flight- 
worthy  for  another  flight.  No  unusual  issues  are  noticed  or  carried  over  from  a  previous 
maintenance  event.  This  evaluation  means  that  the  maintenance  team  did  not  find  a 
problem  that  would  jeopardize  the  safety  of  the  crew  or  the  aircraft,  or  compromise  the 
availability  for  the  next  mission.  In  that  case,  a  Level  A  inspection  is  scheduled  to  be 
carried  out  after  next  flight,  which  was  planned  for  the  following  day.  If  there  are  no 
problems  found  after  another  Level  A  inspection  after  that  next  flight,  then  a  Level  B 
inspection  will  be  scheduled  after  two  flights.  However,  if  a  problem  arises  after 
tomorrow’s  flight,  then  the  plan  for  a  follow-on  Level  A  inspection  may  be  changed  to  a 
Level  B  or  Level  C  maintenance  event,  depending  on  the  nature  of  fault  discovered 
during  the  first  Level  A  inspection  If  a  Level  B  maintenance  was  necessary  and 
scheduled  at  the  culmination  of  a  Level  A  inspection,  then  the  scheduler  would  know  that 
one  Level  A  had  occurred,  that  a  Level  B  was  scheduled,  and  the  day  following  the 
completion  of  that  Level  B  there  would  be  a  Level  A  inspection  planned.  After 
completing  any  Level  of  inspection,  the  following  day  would  normally  be  a  Level  A,  as 
all  problems  are  presumed  to  have  been  resolved.  However,  if  a  Level  B  inspection  finds 

problems  that  require  a  Level  C  maintenance,  then  upon  successful  completion  of  the 
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Level  C  maintenance,  a  Level  A  inspection  would  be  scheduled.  In  the  manner  of 
detennining  what  should  be  scheduled,  the  commitment  of  maintenance  funds  is 
scheduled.  It  is  that  forecasting  of  maintenance  labor  needs  that  schedules  the  amount  of 
funds  that  are  planned  to  be  spent  during  any  14-day  period.  Based  on  the  historical  costs 
for  the  F-15D  fighter,  models  of  maintenance  schedules  that  project  labor  needs  are 
established.  The  cost  models  for  aircraft  maintenance  (Periyar  Selvam  et  al.  2013)  are 
important  for  budget  utilization  and  end-of-year  planning  to  increase  the  use  of  MTs, 
cannibalize  parts  from  other  aircraft,  or  defer  various  types  of  labor-intensive  or  skill¬ 
intensive  maintenance.  Table  3  models  a  sequence  of  maintenance  event  and  assigns 
organizational  costs  for  the  Level  maintenance  of  the  reserve  unit. 


Table  3.  Model  Schedule  for  F-15D  Maintenance  at  the  Reserve  Unit 


Day 

Level  of 
Maintenance 

Level  $  for 
Maintenance 

Cumulative  $ 
Maintenance 

Planned  $ 

Days 

$  Remaining 
from  Day  14 

1 

A 

$  923,313 

$  923,313 

$4,062,575 

1-3 

$16,804,288 

2 

B 

$2,215,950 

$  3,139,263 

3 

A 

$  923,313 

$  4,062,575 

4 

A 

$  923,313 

$4,985,888 

$5,539,875 

4-6 

$11,567,801 

5 

C 

$3,693,250 

$  8,679,138 

6 

A 

$  923,313 

$  9,602,450 

7 

A 

$  923,313 

$10,525,763 

$6,278,525 

7-10 

$4,985,888 

8 

B 

$2,215,950 

$12,741,713 

9 

B 

$2,215,950 

$14,957,663 

10 

A 

$  923,313 

$15,880,975 

11 

A 

$  923,313 

$16,804,288 

$4,062,575 

11-13 

$  923,313 

12 

B 

$2,215,950 

$19,020,238 

13 

A 

$  923,313 

$19,943,550 

14 

A 

$  923,313 

$20,866,863 

$  923,313 

14 

$0 

15 

B 

$2,215,950 

Knowing  that  a  Level  A  maintenance  on  Day  1  required  scheduling  a  Level  B 

maintenance  event  on  Day  2  indicates  that  on  Day  1  a  Level  A  and  a  Level  B  event  was 

planned.  Assuming  the  Level  B  was  successful,  then  a  Level  A  was  planned  on  Day  3. 

Therefore,  Table  3  would  indicate  Day  l  Level  A;  Day  2_Level_B;  Day  3_Level_A 

(with  cumulative  maintenance  dollars  of  $923,313  +  $2,215,950  +  $923,313  = 
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$4,062,575).  After  the  first  three  days,  the  amount  of  the  remaining  maintenance  work 
scheduled  to  be  accomplished  during  a  14  day  period  is  $20,866,863  -  $4,062,575  = 
$16,804,288.  Scheduling  of  labor  and  allocating  funds  to  the  various  maintenance 
accounts  follows  periodically  throughout  the  14-day  planning  cycle  so  that  work  crews 
can  be  scheduled  efficiently.  There  are  of,  course,  minor  changes  to  the  3-5  day  schedule, 
yet  the  planned  commitment  of  funds  tracks  closely  with  historical  data  referenced  in  this 
Chapter. 

One  Level  A  maintenance  event  is  scheduled  for  day  14,  $923,313  remains  to  be 
spent.  In  this  manner  of  calculating  the  “remaining”  schedule  of  maintenance  events  with 
the  commensurate  reduction  in  the  amount  of  planned  expenditures,  the  loss  of 
operational  costs  is  detennined.  Concatenating  a  3-5  day  overlap  with  the  previous 
scheduled  maintenance  events  and  then  with  the  planned  subsequent  maintenance  events 
is  done  to  bridge  the  planning  for  the  next  14-day  period.  A  Level  B  maintenance  event  is 
shown  for  day  15,  but  not  included  in  the  budget  allocation  or  planning  for  labor  when 
the  14-day  schedule  was  first  developed.  As  the  inspections  reveal  the  actual  need,  day  15 
may  or  may  not  be  included  in  the  14-day  period,  but  rather  slipped  into  the  next  14-day 
scheduling  and  planning  cycle. 

The  scheduled  maintenance  events  from  Table  3  are  shown  in  Figure  2. 
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Figure  2.  Scheduled  Maintenance  Events  for  the  Reserve  Unit 


A  regression  analysis  of  the  data  in  Table  3  indicates  a  l/x  dependency.  Figure  3 
correlates  the  maintenance  data  from  the  F-15D  model  with  the  l/x  relation. 


Figure  3.  Scheduled  Maintenance  Events  for  the  Reserve  Unit  Correlated 

with  l/x 


24 


The  scheduled  maintenance  events  from  the  reserve  unit  model  of  14-day 
scheduling  and  planning  are  plotted  along  with  a  1/x  function  (Series  2)  where  the  day  1 
data  for  1/x  is  scaled  to  equal  50%  of  the  replacement  cost  of  the  F-15D.  The  differences 
in  data  points  between  the  maintenance  model  and  the  1/x  plot  in  Figure  3  on  a  particular 
day  are  whether  a  Level  A  or  Level  B  event  was  scheduled. 

By  varying  the  mix  of  Level  A’s,  B’s,  C’s,  and  D’s,  according  to  their  scheduled 
frequency,  the  data  for  the  reserve  unit’s  loss  scatters  about  the  1/x  function  (Table  4). 

The  data  from  Table  4  is  plotted  in  Figure  4. 


Table  4.  Four  Different  Maintenance  Schedules  Correlated  with  1/x 


Scenario  1 

1/x 

Scenario  2 

Scenario  3 

Scenario  4 

Day 

Scheduled 

Maintenance 

$ 

30,000,000 

Scheduled 

Maintenance 

Scheduled 

Maintenance 

Scheduled 

Maintenance 

1 

$  16,804,288 

$ 

15,000,000 

$19,020,238 

$  25,298,764 

$11,449,077 

2 

$  12,187,725 

$ 

9,999,900 

$13,480,363 

3 

$ 

7,500,000 

4 

$ 

6,000,000 

$  5,909,201 

$  9,602,452 

5 

$ 

4,999,980 

6 

$ 

4,287,000 

$  7,201,838 

7 

$ 

4,985,888 

$ 

3,750,000 

8 

$ 

3,333,000 

9 

$ 

3,000,000 

10 

$ 

1,846,625 

$ 

2,727,000 

$  3,139,263 

11 

$ 

2,499,000 

$  3,139,263 

$  3,139,263 

12 

$ 

923,313 

$ 

2,307,000 

$  3,139,263 

13 

$ 

2,142,000 

$  2,215,950 

$  2,215,950 

14 

$ 

2,215,950 
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Figure  4.  Four  Scheduled  Maintenance  Scenarios  for  the  Reserve  Unit 

Correlated  with  1/x 
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The  scheduled  maintenance  events  from  the  reserve  unit  model  of  14-day 
scheduling  and  planning  are  plotted  along  with  a  1/x  function  where  the  day  1  data  for  1/x 
is  scaled  to  equal  50%  of  the  replacement  cost  of  the  F-15D.  The  differences  in  data 
points  between  the  maintenance  model  and  the  1/x  plot  in  Figure  4  on  a  particular  day  are 
whether  a  Level  A  or  Level  B  or  Level  C  event  was  scheduled. 
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VI.  QUADRATIC  LOSS  FUNCTION  FOR  MAINTENANCE 


A  loss  function  maps  the  economics  of  events  to  capture  key  perfonnances  of 
stakeholders  (Langford  2012,  298).  More  specifically,  loss  functions  reflect  the  manner  in 
which  the  economics  are  mapped  according  to  nonnative  principles  (Murphy  1994) 
rather  than  how  stakeholders  view  the  situation. 

Such  is  the  make-up  of  a  generalized  loss  function,  where  the  loss  in  dollars  is 
plotted  as  the  dependent  variable  and  the  measure  of  perfonnance  is  plotted  as  the 
independent  variable  (Appendix  A). 

A  simple,  yet  widely  applicable  fonn  of  a  loss  function  is  the  quadratic 
relationship  x+l/x.  When  the  parent  unit  has  losses  when  the  MT  reports  to  the  reserve 
unit  and  the  reserve  unit  experiences  a  loss  if  the  MT  does  not  augment  their  aircraft 
maintenance  labor  force,  the  interaction  between  the  two  units  through  the  actions  of  the 
MT  results  in  losses  that  can  be  evaluated  over  the  14-day  period  for  reserve  duty.  The 
assumption  is  made  that  the  MT  is  fully  capable  to  seamlessly  fit  into  either  the  parent 
unit’s  work  requirements  or  the  reserve  unit’s  requirements.  Since  the  assumption  is 
based  on  the  reservists  being  immediately  deployable,  the  model  of  losses  does  not 
include  inefficiencies. 

As  shown,  the  loss  for  the  parent  unit  increases  monotonically  in  x.  Whereas,  the 
loss  for  the  parent  unit  decreases  as  1/x.  Whereas  the  literature  on  quality  of  services 
shows  extensive  use  of  quadratic  fonns  of  loss  functions  (Taguchi  1996;  Chadha  and 
Schellekens  1999)  this  thesis  models  the  F-15D  maintenance  activities  in  tenns  of  x+l/x, 
an  asymmetric  fonn  of  Taguchi ’s  traditional  form  of  Z.  =  k  ( y-m )2,  where  L=  loss  in 
dollars;  y  =  output  mapping  to  the  event;  m  =  the  target  value  of  the  output;  and  k  = 
proportionality  constant  that  when  multiplied  by  -m,  equals  the  minimum  loss  due  to  the 
interaction  between  competing  stakeholder  who  want  larger  or  smaller  performance,  x. 
The  appendix  illustrates  the  traditional  Taguchi  loss  function  and  then  derives  a  general 
loss  function  that  in  its  simplest  implementation  reduces  to  x+l/x.  While  the  traditional 
Taguchi  loss  function  was  developed  for  manufacturing  of  products,  where  control  of 

deviation  from  a  target  value  with  small  tolerances  is  shown  to  improve  quality  and  lower 
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costs,  the  general  loss  function  (Appendix)  was  developed  to  accommodate  both 
statistical  distributions  as  well  as  discrete,  point  solutions.  For  a  more  comprehensive 
analysis  of  maintenance  scheduling,  see  Langford  (2016). 

A.  USE  OF  LOSS  FUNCTIONS  FOR  MANPOWER  RECALL 

A  loss  function  is  posed  here  as  a  mathematical  structure  for  capturing  the  effect 
of  negotiation  or  conflict  between  the  parent  unit  and  the  reserve  unit.  The  position  that 
the  reserve  unit  has  a  demanding  operational  need  that  has  priority  over  a  parent  unit  is 
detenninable  by  the  difference  in  the  unit’s  operational  costs,  the  consequence  of  not 
achieving  or  maintaining  a  reserve’s  mission  capability  for  its  aircraft,  or  other  rational 
argument.  The  scenarios  modeled  for  this  research  does  not  present  a  compelling 
argument  why  the  reserve  unit  would  have  priority  based  on  a  relatively  high  operational 
cost/hour,  only  that  it  would  benefit  from  the  work  of  the  MT  and  the  loss  to  the  parent 
unit  does  not  emphasize  mission  capability,  per  se.  The  loss  function  will  enlighten  the 
discussion  on  the  minimum  number  of  days  that  the  MT  should  be  at  the  reserve  unit  so 
that  both  the  reserve  unit  and  the  parent  unit  experience  no  more  than  the  minimum  loss. 
Here  the  minimum  loss  is  determined  as  that  experienced  by  both  parties  so  that  neither 
party  has  an  advantage  over  the  other  party. 

While  several  forms  of  the  loss  function  can  be  employed  for  this  analysis,  the 
regression  analysis  shown  in  the  previous  section  substantiates  that  a  simple  form  ( 1/x  + 
x  ),  where  the  variable  x  is  the  time  in  days  that  the  MT  is  away  from  the  parent  unit, 
compares  reasonably  with  scheduling  of  actual  F-15D  Levels  of  maintenance. 

The  application  of  the  loss  function  is  shown  through  the  impact  of  the  MT’s 
work  on  the  operations  of  the  parent  and  reserve  units.  For  the  parent  unit,  a  longer 
reserve  recall  period  will  result  in  a  longer  period  of  absence  of  its  MT  employee,  which 
translates  to  an  increase  in  the  “loss”  that  it  has  to  bear.  Thus,  the  applicable  loss  function 
is  a  smaller-the-better  (STB)  type,  i.e.,  less  time  spent  by  the  MT  at  the  reserve  unit,  the 
better.  On  the  other  hand,  for  the  reserve  unit,  the  longer  the  MT  works  at  the  reserve 
unit,  the  higher  the  level  of  mission  capability.  Therefore,  the  applicable  loss  function  for 
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the  reserve  unit  is  a  larger-the-better  (LTB)  type.  The  Appendix  discusses  STB  and  LTB 
types  of  loss  functions. 

As  the  MT  reserve  time  is  relevant  to  the  U.S.  Air  Force,  analysis  on  the  use  of 
the  loss  function  is  carried  out  for  both  parent  and  reserve  units. 

B.  COMBINED  LOSSES  FOR  PARENT  AND  RESERVE  UNITS 

In  simple  form,  the  combination  of  a  stakeholder  with  a  requirement  for  STB  and 
a  stakeholder  with  a  requirement  for  LTB  loss  is  indicated  as  nominal-the-best  (NTB). 
Adding  STB  and  LTB  over  the  time  frame  of  the  14-day  reserve  duty,  results  in  a 
minimum  loss  that  occurs  at  5  day  (Figure  5).  The  data  is  indicated  in  Table  5. 


Figure  5.  Combined  Losses  for  Parent  and  Reserve  Units 
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Table  5.  Comparison  of  the  Loss  Function  for  the  Parent  Unit  and  the 

Reserve  Unit 


Day 

STB  (x) 

LTB  (1/x) 

NTB  (x+l/x) 

1 

$ 

925,846 

$ 

15,000,000 

$ 

15,925,846 

2 

$ 

1,851,691 

$ 

9,999,900 

$ 

11,851,591 

3 

$ 

2,777,537 

$ 

7,500,000 

$ 

10,277,537 

4 

$ 

3,703,382 

$ 

6,000,000 

$ 

9,703,382 

5 

$ 

4,629,228 

$ 

4,999,980 

$ 

9,629,208 

6 

$ 

5,555,073 

$ 

4,287,000 

$ 

9,842,073 

7 

$ 

6,480,919 

$ 

3,750,000 

$ 

10,230,919 

8 

$ 

7,406,765 

$ 

3,333,000 

$ 

10,739,765 

9 

$ 

8,332,610 

$ 

3,000,000 

$ 

11,332,610 

10 

$ 

9,258,456 

$ 

2,727,000 

$ 

11,985,456 

11 

$  10,184,301 

$ 

2,499,000 

$ 

12,683,301 

12 

$  11,110,147 

$ 

2,307,000 

$ 

13,417,147 

13 

$  12,035,993 

$ 

2,142,000 

$ 

14,177,993 

C.  ANALYSIS  OF  RESULTS 

Based  on  the  correlation  of  loss  functions  to  planning  for  the  maintenance 
schedule,  the  significance  of  organizational  costs  is  highlighted.  Specifically,  operational 
costs  appear  to  be  a  key  driver  in  detennining  the  amount  of  loss  experienced  by  the 
parent  unit  and  the  reserve  unit. 

Allocation  of  Reservists  Time  -  The  amount  of  time  spent  by  the  reservist  at  the 
parent  unit  versus  the  reserve  unit  is  determined  by  the  difference  in  the  organizational 
costs  of  these  military  units.  The  larger  the  difference,  the  less  the  loss  for  one  of  the 
military  units.  If  the  organizational  costs  of  the  parent  unit  are  equal  to  that  of  the  reserve 
unit,  then  the  time  spent  at  both  units  should  be  approximately  equal.  In  the  example 
model  of  the  F-15D  there  was  a  7  times  difference  in  organizational  costs  favoring  the 
reserve  unit.  The  loss  due  to  the  MT  being  away  from  the  parent  unit  was  a  minimum  at  9 
days  while  the  minimum  loss  for  the  reserve  unit  was  at  5  days.  In  other  words,  both  of 
the  military  units  will  experience  a  loss  due  to  the  reservist  spending  time  at  one  or  the 
other  or  both  of  the  military  units.  However,  there  is  period  whereby  the  reservist  can 
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work  at  both  military  units  and  provide  a  benefit  to  the  maintenance  efforts  of  both 
military  units. 
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VII.  CONCLUSION 


Mission  availability  is  increased  by  maintenance.  Scheduling  of  maintenance 
depends,  in  part,  on  the  use  of  Levels  to  identify  where  and  when  maintenance  budgets 
should  be  allocated.  This  thesis  shows  that  budgeting  of  maintenance  using  the  current 
system  of  Levels  can  be  modeled  as  a  simple  loss  function  (x  +  1/x  ).  This  loss  function 
was  used  to  investigate  the  budgetary  consequences  of  five  representative  schedules  of 
maintenance  Levels  to  detennine  the  impacts  on  military  units  whose  labor  is  shared. 
These  schedules  follow  a  1/x  regression  fit,  when  normalized  to  50%  of  the  replacement 
cost  of  the  F-15D  lighter  aircraft.  The  correlation  between  actual  F-15D  maintenance 
budgets  and  a  1/x  dependency  on  operational  costs  of  the  reserve  unit  suggests  a  new  way 
of  considering  how  priorities  are  set  for  assigning  Military  Technicians  (MTs)  to  reserve 
units. 

Scheduling  Military  Technicians  (MTs)  away  from  their  parent  unit  for  their 
reserve  duty  can  create  losses  for  both  their  parent  unit  as  well  as  their  reserve  unit.  The 
traditional  views  of  scheduling  an  MT  for  reserve  duty  is  for  promotion  and  continuity  of 
work  that  facilitates  the  mission  of  the  parent  unit  without  the  MT  perfonning  the  same 
duties  as  they  perform  in  their  civilian  role.  This  research  suggests  that  a  priority  is 
established  by  the  difference  in  organizational  costs  of  the  military  units  that  is  in  effect  a 
priority  weighting  that  may  reflect  the  need  of  each  military  unit.  The  higher  the 
organizational  costs  of  a  military  unit,  the  greater  the  loss  (without  considering  other 
factors,  such  as  critical  need).  Critical  need  may  be  more  important  than  organizational 
costs,  depending  on  what  is  considered  critical  and  the  nature  of  the  need.  Other  factors 
besides  promotion,  continuity  of  mission,  and  critical  need,  could  include  retention 
incentives  and  specialty  training  to  facilitate  a  change  in  future  work. 

The  F-15D  maintenance  data  is  well-ordered  and  piece-wise  contiguous,  in  a 
mathematical  sense.  It  are  those  properties,  that  facilitated  the  use  of  a  loss  function  in  a 
quadratic  form,  as  observed  and  developed  by  Taguchi,  for  example. 
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The  conclusion  for  this  research  is  that  the  well-ordered  maintenance  data  from 
the  F-15D  was  correlated  with  a  simple  loss  function.  The  general  loss  function  in  the 
Appendix  also  correlated  (Langford  2016),  but  was  not  shown  in  this  thesis  other  than  to 
state  that  the  form  (  x  +  1/x  )  is  the  inherent  underlying  structure  of  the  general  loss 
function,  and  therefore  will  in  general  show  the  same  correlative  relationships. 

Further,  the  higher  organizational  costs  of  a  military  unit  were  postulated  to  be  a 
key  variable  in  the  quantitative  investigation  of  how  to  assign  MTs  for  their  reserve  duty. 
The  strong  correlation  with  actual  costs  was  a  surprising.  The  spread  of  the  scheduling 
Levels  was  determined  to  be  only  one  Level  A,  B,  or  C,  representing  a  deviation  from  a 
true  (  x  +  1/x  )  loss  function  of  only  5-8%.  While  a  correlation  of  scheduling  of 
maintenance  labor  and  resources  to  loss  functions  was  expected  from  formative  research 
(Langford  2016),  the  small  error  is  highly  suggestive  that  organizational  costs  may 
indeed  be  the  key  variable  in  maintenance  planning  and  scheduling. 

Further  research  into  the  causal  mechanisms  for  aircraft  maintenance  is  warranted 
from  the  preliminary  correlative  results  of  this  thesis.  A  full  factor-analysis  should  be 
investigated,  a  fault-tree  should  be  developed,  and  a  comprehensive  review  of  the 
literature  on  planning  and  scheduling  for  maintenance  should  be  undertaken.  The 
rationale  for  such  an  intensive  and  directed  investigation,  is  to  examine  other  aircraft  with 
and  without  well-order,  contiguous  data  on  maintenance.  Specifically,  there  is  intense 
interest  in  the  being  able  to  extrapolate  long-tenn  maintenance  costs  for  new  aircraft. 
During  the  “settling  in”  early  phase  of  maintenance  for  sophisticated  next-generation 
aircraft,  the  maintenance  costs  may  be  extremely  high  and  without  means  to  make 
rational  projections  of  future  obligations.  The  results  of  this  thesis  may  offer  a  new 
approach  to  projecting  long-term  maintenance  costs  for  new  (and  older)  aircraft  systems. 

Apart  from  the  management  of  MTs,  the  use  of  loss  function  should  be  considered 
for  other  areas  of  manpower  planning  and  maintenance,  particularly  when  there  is 
competing  demand  for  the  same  resources  by  different  entities.  For  such  cases,  the  key 
stakeholders  will  have  to  be  identified,  where  their  requirements  will  form  the  basis  for 
establishing  the  value  of  perfonnance.  The  corresponding  loss  functions  can  then  be 

generated  to  detennine  the  losses  that  are  projected  to  have. 
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APPENDIX  (GENERALIZED  LOSS  FUNCTION) 


A  key  concern  for  system  integration  is  to  develop  a  set  of  metrics  for 
detennining  how  well  integration  is  proceeding,  [where]  leading  or  lagging  indicators  are 
used  to  gauge  the  work  progress”  (Langford  2012,  57).  “Metrics  are  not  about  trade-offs 
between  what  best  to  do  versus  what  is  expedient;  [instead]  they  are  used  to  represent  that 
state  of  being,  the  determinant  of  ‘how  is  it  going?’  for  the  integrators  and  that  of  the 
systems  engineer(s)  and  project  management”  (Langford  2012,  60).  “Metrics  are  focused 
on  the  shared  value  of  what  the  common  goal  needs  to  be”  (Langford  2012,  60). 

In  tenns  of  performance  measures,  there  are  “objective  measures  that  relate 
directly  to  the  perfonnance(s)  of  products  and  services”  (Langford  2012,  128). 
“Objective  measures  include  any  item  or  combination  of  items  that  are  categorized  as 
EMMI”  (Langford  2012,  128).  “Should  there  be  a  nominal  value,  m,  that  is  expected  as 
the  measure  of  a  function’s  performance  (under  various  conditions  and  circumstances), 
the  perfonnance  is  said  to  have  a  target  performance  value”  (Langford  2012,  96).  “If 
there  is  a  variation  in  perfonnance  that  is  characterized  as  distributed  over  a  small  range 
of  performances  centered  on  the  value  for  the  target  perfonnance,  then  the  target 
performance  is  regulated  or  controlled  by  a  mechanism”  (Langford  2012,  96). 

“A  function  is  describable  in  terms  of  its  perfonnances  and  its  variability  in 
performance  quality”  (Taguchi  1986).  “The  functional  boundaries  of  an  object  are 
measurable  by  its  performance(s)  and  its  losses  that  result  in  achieving  those 
performances”  (Langford  2012,  96).  “Quality  can  be  associated  with  the  loss,  [where  it] 
refers  to  the  consistency  of  performance,  or  alternatively,  the  deviation  from  a  target 
value,  [which  is]  the  performance  requirement”  (Langford  2102,  98).  “Quality  [is  an 
indicator]  of  how  well  a  function  is  accomplished  by  the  system  and  is  a  measure  of  the 
loss  due  to  the  perfonnance  of  that  function”  (Langford  2012,  98).  The  quality  attributed 
to  “a  set  of  objects  represents  the  stability  of  the  performance(s)  and  the  function(s) 
ascribed  to  that  set  of  objects  [where  implications]  of  poor  stability  relates  to  1)  non¬ 
delivery  of  the  set  of  object’s  functionality,  2)  delivery  of  the  set  of  object’s  functionality 

(within  the  range  of  performance  tolerance),  or  3)  delivery  of  performance  beyond  the 
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range  of  specified  performance  tolerances”  (Langford  2012,  98).  “For  functions, 
integration  is  regarded  as  the  relationship  between  the  mechanistic  intentions  expressed 
through  the  design  and  the  performance  of  objects  through  their  EMMI”  (Langford  2012, 
98). 

A.  QUALITY  LOSS  FUNCTION 

Quality  can  be  regarded  in  different  manners;  for  the  purpose  of  this  thesis,  it  is 
viewed  through  an  association  with  a  function  (Langford  2012,  293).  “As  a  property, 
quality  is  then  deemed  as  conformance  to  performance(s)  for  that  function  as  objectified 
through  a  set  of  specifications”  (Langford  2012,  293).  “Functions  have  performances  (a 
minimum  of  one  per  function)  where  each  performance  has  a  quality,  [based  on]  a 
minimum  of  one  quality  measure  per  each  performance”  (Langford  2012,  293). 
Therefore,  the  “functions  of  a  product  or  service  are  completely  objectified  by 
performances  and  qualities”  (Langford  2012,  293). 

In  1986,  “Taguchi  proposed  a  view  of  quality  that  relates  to  cost  and  therefore  a 
loss  measurable  in  monetary  terms”  (Taguchi  1986).  “This  loss  accrues  not  only  to  the 
designer,  developer,  and  manufacturer,  but  also  to  the  customer,  user,  and  society  as  a 
whole,  where  in  aggregation  these  entities  represent  the  seller  in  a  buy-sell  relationship” 
(Langford  2012,  293).  This  view  aids  in  converting  the  abstract  view  of  quality  to  a 
quantifiable  perspective,  which  provides  the  way  for  conduct  of  cost-benefit  analysis.  As 
highlighted,  the  “approach  of  developing  and  applying  a  quality  loss  function  allows 
quantitative  evaluation  of  losses  caused  by  variations  in  behaviors  and  limits  of 
performance  specifications  as  they  associate  with  various  functions  of  the  product”  (Choi 
and  Langford  2008). 

The  “quality  loss  function  developed  by  Taguchi  [in  1990]  is  used  to  describe 
quality  in  tenns  of  smaller-the-better  (STB),  larger-the-better  (LTB),  and  nominal-the- 
best  (NTB)  characteristics”  (Taguchi  1990).  “A  STB  output  response  results  when  it  is 
desirable  to  minimize  the  performance,  with  the  ideal  target  for  perfonnance  being  zero, 
[while  the]  LTB  output  response  reflects  cases  when  it  is  desirable  to  maximize  the 
result,  the  ideal  target  being  infinity”  (Langford  2012,  295).  “The  NTB  characteristic 
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arises  when  there  is  a  finite  target  point  (or  domain  of  cooperative  agreement)  to  achieve, 
often  associated  through  a  negotiated  outcome,  where  in  this  case,  upper  and  lower 
specification  limits  exist  on  both  sides  of  the  performance  target,  representing  the 
maximum  or  minimum  acceptable  bounds  for  the  parties  of  the  negotiation”  (Langford 
2012,  295).  This  is  akin  to  achieving  Pareto  efficiency,  where  “losses  for  all  stakeholders 
[will  have  to]  be  considered  and  incorporated  into  a  cooperative  exchange  of  benefits  and 
losses,  [such  that  the]  agreement  between  the  stakeholders  is  defined  as  a  position 
whereby  neither  stakeholder  has  an  unfair  or  disproportionate  advantage”  (Langford 
2012,  335).  The  STB  and  LTB  characteristics  are  shown  in  Figure  6,  and  the  NTB 
characteristic  is  shown  in  Figure  7. 

Figure  6.  “Smaller-the -Better  (STB)  and  Larger-the -Better  (LTB) 
Characteristics”  (from  Langford  2012,  337) 


Performance  - >- 
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Figure  7.  Nominal-the-Best  (NTB)  Characteristics  (from  Langford  2012, 

336) 
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For  the  STB  and  LTB  curves,  an  addition  of  both  curves  results  in  a 
representation  of  negotiation,  which  is  related  to  a  state  of  minimum  loss  attained  by  both 
parties  (Langford  2012,  336).  The  result  is  shown  in  Figure  8. 
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Figure  8.  Combining  “Smaller-the-Better  (STB)  and  Larger-the-Better 
(LTB)  Characteristics”  (from  Langford  2012,  337) 


“For  each  quality  characteristic — NTB,  STB,  and  LTB — there  exists  a  function 
that  uniquely  defines  the  relationship  between  economic  loss  and  the  deviation  of  the 
quality  characteristic  from  its  target  value”  (Langford  2012,  298). 

“Taguchi  has  [demonstrated]  through  practice  that  the  quadratic  representation  of 
the  quality  loss  function  to  be  an  efficient  and  effective  way  to  assess  the  loss  due  to 
deviation  of  a  quality  characteristic  from  its  target  value”  (Langford  2012,  298). 

“For  a  product  with  a  target  value  m,  from  a  customer’s  perspective,  in  ±  A o 
represents  the  deviation  at  which  functional  failure  of  the  product’s  or  service’s 
component  occurs”  (Langford  2012,  298). 
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“When  a  product  is  manufactured  or  a  service  is  provided  with  its  quality 
characteristic  at  the  extremes,  in  +  AO  or  m  -  AO,  some  measure  to  counter  the  loss  must 
be  undertaken  by  the  customer”  (Langford  2012,  298).  A  loss  function  with  the 
characteristic  of  NTB  is  described  as  follows: 

Nominal-the-best 


L  =  k{y-mfk  =  %. 

A<i 

(9) 

“where  k  is  a  proportionality  constant  and  can  be  described  as  the  cost  of  each 
unit  (returned,  modified,  reworked)  divided  by  the  range  limits  of  process  variability 
divided  by  two;  y  is  the  measure  of  performance  (e.g.,  output)  for  a  given  function;  in  is 
the  target  value  of  y;  and  A0  is  the  loss  per  unit  that  encompasses  the  life  cycle  of  the  unit 
that  must  be  expended  to  mitigate  loss,  for  example  countermeasure”  (  Langford  2012, 
299).  “The  loss  function  can  also  be  detennined  for  cases  when  the  output  response  is  an 
STB  response,  [where  based  on  setting]  the  target  value  for  performance  at  zero,  the  loss 
function  is  described  as  follows”  (Langford  2012,  299): 

Smaller-the -better 


L  =  ^ 

‘  *  (10) 

“where  A0  is  the  consumer  loss  and  ya  is  the  consumer  tolerance”  (Langford  2012,  299). 
“For  an  LTB  output  response  where  the  target  is  infinity,  the  loss  function  can  be 
expressed  as  follows”  (Langford  2012,  299): 

Larger-the -better 


k  =  Ai.yo 


(11) 
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B.  GENERAL  QUALITY  LOSS  FUNCTION 


“A  general  quality  loss  function  is  required  to  account  for  changes  in  the 
allowable  variance  from  a  performance’s  target  value.”  where  in  this  case,  a  shape 
parameter  is  introduced  so  as  to  govern  the  amount  of  losses  (Langford  2012,  299).  “The 
following  seven  assumptions  are  needed  to  develop  a  general  quality  loss  function” 
(Langford  2012,342): 

•  “The  total  quality  loss  ( Ln(x ))  consists  of  the  stakeholders’  loss  plus 
unknown  losses. 

•  If  the  level  of  quality  equals  the  target  value  of  the  quality  (i.e.,  m),  the 
total  quality  loss  is  to  be  zero  (or  the  minimum  loss  that  is  inherent  in  the 
system). 

•  If  the  acquisition  phase  is  production  and  deployment,  the  value  of  shape 
parameter  n  is  equal  to  two. 

•  The  minimum  value  of  a  shape  parameter  is  close  to  zero  and  the  value  of 
the  shape  parameter  in  the  concept  refinement  phase  of  the  acquisition 
phases  varies  from  zero  to  one. 

•  When  the  acquisition  phases  are  the  technology  development  or  system 
development  and  demonstration  phase,  the  range  value  of  shape  parameter 
varies  from  greater  than  one  to  less  than  two. 

•  After  the  production  and  deployment  phase,  the  value  of  the  shape 
parameter  is  greater  than  two. 

•  The  probability  distribution  of  the  quality  response  remains  the  same 
regardless  of  the  acquisition  phases”  (Langford  2012,  342)  . 

To  facilitate  derivation  of  the  general  loss  function,  the  following  notations  are 
used  (Langford  2012,  342-343): 
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“G:  Baseline  cost  with  a  constant  value. 


G:  If  the  type  of  quality  characteristic  is  smaller-the-better,  this  means  a 
proportionality  constant  of  stakeholder’s  loss  per  response  of  quality. 
Additionally,  if  the  type  of  quality  characteristic  is  larger-the-better,  it 
means  a  proportionality  constant  of  developer’s  or  manufacturer’s  loss  per 
response  of  quality. 

Q:  If  the  type  of  quality  characteristic  is  larger-the-better,  this  means  a 
proportionality  constant  of  developer’s  or  manufacturer’s  loss  per 
response  of  quality.  Additionally,  if  the  type  of  quality  characteristic  is 
smaller-the-better,  it  means  proportionality  constant  of  the  stakeholder’s 
loss  per  response  of  quality. 

n:  Shape  parameter  for  representing  an  acquisition  phase  of  a  weapon 
system  (n  >  0).x:  Response  of  quality. 

L„(x ):  Total  quality  loss  per  piece  in  the  case  of  shape  parameter  n  and 
quality  response  x. 

Ln\  Expected  quality  loss  per  piece  in  the  case  of  shape  parameter  n  and 
quality  response  x”  (Langford  2012,  342-343). 

Based  on  the  seven  assumptions  listed  and  Equations  9,  10,  and  11,  a  “general 
quality  loss  function  can  be  established  as  shown  by  [Equation  12],  which  covers  all 
quality  characteristics  such  as  nominal-the-best,  smaller-the-better,  as  well  as  larger-the- 
better”  (Langford  2012,  343). 

General  Quality  Loss  Function 

E.(x)  =  Cb  +  C„x"  +  C|X" 

(12) 

Upon  application  of  the  assumption  where  the  quality  level  is  the  same  as  the 

quality  target  value  into  Equation  12,  Equations  13  and  14  are  obtained  (Langford  2012, 

343).  “If  the  response  of  quality  equals  to  the  target  value  (i.e.,  m),  the  total  quality  loss  is 

42 


to  be  zero,  [Equation  13],  and  the  result  of  differentiation  for  the  response  of  quality 
having  the  target  value  (i.e.,  m)  is  also  equal  to  zero  as  per  [Equation  14]”  (Langford 
2012,  343). 


L„(m)  =  Cb  +  Qm”  +  Qm  "  =  0 


(13) 


L'„(m)  =  nQx"  '  -  nC|X  "  '  =  0 


(14) 


“If  the  specific  value  of  n  is  included  into  [Equations  13  and  14],  the  general  loss 
function  is  obtained  as  follows,  where  if  the  value  of  n  equals  to  one,  [Equations  1 5  and 
16]  are  obtained”  (Langford  2012,  343): 


Li  (m)  =  Cb  +  Qm1  +  Qm  1  =  0 


(15) 


L„(m)  =  Qm°  -  Q m  2  -  0 


(16) 


Upon  solving  Equations  15  and  16,  Equation  17  is  obtained  (Langford  2012,  343). 

C|  =  Qm2,  Cb  =  -2 Qm 


(17) 


If  n  equals  to  two,  Equations  18  and  19  are  obtained  (Langford  2012,  343): 


L2(m)  =  Cb  +  Qm2  +  Qm  2  =  0 

L2(w)  =  2Qm  -  2C) m"3  =  0 

After  solving  Equations  18  and  19,  Equation  20  is  obtained. 

C,  =  Qm\  Cb  =  -2 Qm2 


(18) 

(19) 


(20) 


After  carrying  out  iterations  in  the  previously  mentioned  manner,  a  quality  loss 
function  table  is  generated  as  per  Table  2. 


43 


Table  6. 


Quality  Loss  Function  Table  (from  Langford  2012,  344) 


n 

c, 

cb 

Ln(X) 

1 

II 

S' 

3 

to 

Ch  =  -2Csml 

L,  (x)  =  -2Csm  +  C.x1  +  C,mMx'1 

2 

C,=Cam 4 

Ch  =  —2Csm2 

L2  (x)  =  —2Csmz  +  CvjT  +  Csm2x2x~2 

3 

C,=Csm6 

Ch=~2Csm 3 

L3  (x)  =  —2Csm3  +  Cvjc3  +  Csm2x3x~3 

4 

c,  =  Cs  m 8 

C6  =-2Csm4 

L4(x)  =  —2Csm4  +  Csx4  +  Csm2x4x~4 

n 

C,=Csm2n 

Ch=-2Csm" 

Ln  (x)  =  -2 Csmz"  +  Csx"  +  Csm2n x~n 

From  the  last  row  in  Table  2,  the  general  quality  loss  function  is  thus  detailed  as 
per  Equation  2 1 . 


L„(x)  =  -2C,m"  +  O"  +  C,m2"r(-") 
=  -20"  +  C9x"(l  +  m2"x*~2")) 


(21) 


44 


LIST  OF  REFERENCES 


AFCivilianCareers.  2015.  “General  Information  for  Air  Reserve  Technician  (ART) 

Positions.”  http://afciviliancareers.com/sites/default/files/AFPC  ART  info.pdf. 

Airliners.net.  2005.  Chat  forum,  http :// ww w . airliners . net/ aviation- 
forums/military/read.main/ 103605/. 

Alfares,  Hesham.  1999.  “Aircraft  Maintenance  Workforce  Scheduling  -  A  Case  Study.” 
Journal  of  Quality  in  Maintenance  Engineering,  University  Press,  2,  78-88. 

American  Airlines.  2011.  “Aircraft  Maintenance  Procedures  Fact  Sheet.” 
http://www.aa.com/content/images/aboutUs/newsroom/ 

fs  aircraft  maintenance  procedures.pdf 

Aviation  Week.  2012.  “F-15D  USAF  Seeks  Afterlife  For  F-15s.”  28  September. 
http://www.opshots.net/2012/09/usaf-seeks-afterlife-for-f-15s-aviationweek-com/ 

Bandte,  Oliver.  2000.  “A  Probabilistic  Multi-Criteria  Decision  Making  Technique  for 
Conceptual  and  Preliminary  Aerospace  Systems  Design.”  Dissertation,  Georgia 
Institute  of  Technology. 

Barringer,  H.  Paul.  1997.  “Availability,  Reliability,  Maintainability,  and  Capability.” 
Humble,  TX:  Barringer  &  Associates.  http://www.barringerl  .com/pdf/ 
ARMandC.pdf. 

Blanchard,  Benjamin  S.,  and  Wolter  J.  Fabrycky.  2011.  Systems  Engineering  and 

Analysis,  5th  ed.  Upper  Saddle  River,  N.J.  Prentice  Hall  International  Series  in 
Industrial  &  Systems  Engineering. 

BLM.  2015.  “Bureau  of  Labor  Statistics.”  http://www.bls.gov. 

Cage,  Steven  D.  2000.  The  U.S.  Army  Reserve ’s  Military  Technician  Program:  It  Can  Be 
Optimized  For  Success.  Carlisle  Barracks,  PA:  U.S.  Army  War  College.. 
http://www.dtic.mil/cgi-bin/GetTRDoc?AD=ADA378245. 

Chadha,  Jagjit  and  Philip  Schellekens.  1999.  Monetary  Policy  Loss  Functions:  Two 
Cheers  for  the  Quadratic.  Bank  of  England. 

Choi,  Don  Oh,  and  Gary  Langford.  2008.  “A  General  Quality  Loss  Function 

Development  and  Application  to  the  Acquisition  Phases  of  the  Weapon  Systems.” 
Monterey,  CA:  Naval  Postgraduate  School. 

CNN.  2011.  “Steep  Cost  of  Military  Vehicles  Outlined  in  Army  Report.” 
http://www.cnn.com/201  l/US/01/27/army.vehicle.costs/. 


45 


Department  of  Defense.  2005.  “DOD  Guide  For  Achieving  Reliability,  Availability,  and 
Maintainability.”  http://www.barringer  1  .com/mil  files/ 

DOD  RAM  Guide  080305.pdf 

- .  2014.  “National  Guard  and  Reserve  Equipment  Report  for  Fiscal  Year  2015.” 

for  Department  of  Defense  Office  of  the  Assistant  Secretary  of  Defense  for 
Reserve  Affairs,  Deputy  Assistant  Secretary  of  Defense  (Materiel  and  Facilities)  - 
Col  Denise  L.  Loring,  RefID:  0-43F5A8A,  March. 

Elsayed,  E.  1996.  Reliability  Engineering.  Reading,  MA:  Addison  Wesley. 

FederalPay.  2015a.  “Anniston  Army  Depot  Anniston,  Calhoun,  and  Gadsden — Payscales 
for  2015.”  https://www.federalpay.org/fws/2015/alabama/l-anniston-armv-depot. 

- .  2015b.  “How  Does  the  Federal  Wage  System  Pay  Scale  Work?” 

https://www.federalpay.org/article/8-federal-wage-schedule. 

- .  2015c.  “Maxwell  Air  Force  Base  Montgomery — Payscales  for  2015.” 

https://www.federalpay.org/fws/2015/alabama/135-maxwell-air-force-base 

GAO.  1982.  “Factors  Limiting  the  Availability  of  F-15  Aircraft  at  the  1st  Tactical  Fighter 
Wing.”  U.S.  General  Accounting  Office,  GAO/PLRD-82-82,  7  June. 

- .  2001.  “Military  Readiness:  DOD  Needs  a  Clear  and  Defined  Process  for  Setting 

Aircraft  Availability  Goals  in  the  New  Security  Environment.”  U.S.  Government 
Accounting  Office,  GAO-03-300,  April. 

Headquarters,  United  States  Army  Reserve  Command  Office  of  The  Deputy  Chief  of 
Staff,  G1  Military  Technician  Branch.  2002.  U.S.  Army  Reserve  Military 
Technician  Information  Handbook.  http://www.mccov.army.mil/Civilians/ 
documents/Military  Technician  Handbook.pdf. 

House  Committee  on  Armed  Services.  2011.  Title  10,  United  States  Code  Armed  Forces. 
http://armedservices.house.gov/index.cfm/files/serve7File  id=fc0173d5-f7d3- 

4d74-8d42-lb9el85b7c6b. 

Kapp,  Lawrence.  2000.  Military  Technicians:  The  Issue  of  Mandatory  Retirement  for 
Non-Dual-Status  Technicians.  CRS  Report  No.  RL30487/  Washington,  DC, 
Congressional  Research  Service,  http ://www. congressionalresearch. com/ 
RL30487/document.php?studv=MILITARY+TECHNICIANS+ 

THE+IS  SUE+OF+M  AND  AT  ORY +RETIREMENT +FOR+N  ON-DUAL- 

STATUS+TECHNICIANS 

Kapp,  Lawrence,  and  Barbara  Salazar  Torreon.  2014.  Reserve  Component  Personnel 
Issues:  Questions  and  Answers.  CRS  report  no.  RL30802.  Washington,  DC, 
Congressional  Research  Service,  https://www.fas.org/sgp/crs/natsec/ 
RL30802.pdf. 


46 


Keating,  Edward,  Adam  Resnick,  Elvira  Loredo,  Richard  Hillestad.  2008.  Insights  on 
Aircraft  Programmed  Depot  Maintenance:  An  Analysis  of  F-15  PDM.  Rand 
Corporation. 

Langford,  Gary.  2012.  Engineering  Systems  Integration:  Theory,  Metrics,  and  Methods. 
Boca  Raton,  FL:  CRC  Press. 

Langford,  Gary.  2016,  July.  Aircraft  Maintenance  -  A  Systems  Engineering  Integration 
Approach ,  INCOSE  International  Symposium  2016  Edinburgh,  Scotland. 

Langley  AFB.  2008.  “Fiscal  Year  2008  Economic  Impact  Analysis.”  1st  Fighter  Wing, 
host  unit  of  Langley  Air  Force  Base,  http://www.jble.af.mil/shared/media/ 
document/AFD-090717-050.pdf 

M.  A.  El-Damcese  and  N.  S.  Temraz.  2011.  “Availability  And  Reliability  Measures  For 
Multistate  System  By  Using  Markov  Reward  Model.”  http://gnedenko-forum.org/ 
Joumal/201 1/03201 1/RTA  3  2011-09.pdf 

Melhart,  Bonnie  E.,  and  Stephanie  M.  White.  2000.  Issues  in  Defining,  Analyzing, 

Refining,  and  Specifying  System  Dependability  Requirements .  ResearchGate. 
http://www.researchgate.net/profde/Stephanie  White8/publication/ 

3843607  Issues  in  defining  analyzing  refining  and  specifying  system dependa 

bility  requirements/links/0c960526ff5ef76d4b000000.pdf. 

Murphy,  Allan.  1994.  Socio-economic  value  of  climate  forecasts.  Report  to  Economics 
Group  of  the  Chief  Scientist,  NOAA.  Boulder,  CO. 

NSIAD.  1991.  “Air  Force’s  Ability  to  Track  F-15  Operating  and  Support  Costs.” 
NSIAD-91-81. 

ODUSD(PI)(RQ).  1999.  Defense  Manpower  Requirements  Report,  Fiscal  year  2000. 

http://prhome.defense.gov/Portals/52/Documents/RFM/TFPRQ/Docs/fy2000.pdf 

Office  of  the  Assistant  Secretary  of  Defense  for  Readiness  &  Force  Management.  2013. 
Defense  Manpower  Requirements  Report  Fiscal  Year  2014. 
http://prhome.defense.gov/Portals/52/Documents/RFM/TFPRQ/Docs/ 

FY 1 4%20DMRR%2028%20Aug%20 1 3  %20FINAL.pdf. 

Office  of  the  Chief  of  Naval  Operations.  2003.  Operational  Availability  of  Equipments 
and  Weapons  Systems:  OPNAV  Instruction  3000. 12A.  Washington,  DC:  Navy 
Pentagon.  http://doni.daps.dla.mil/Directives/ 


47 


Office  of  the  Vice  Chairman  of  the  Joint  Chiefs  of  Staff  and  Office  of  Assistant  Secretary 
of  Defense  for  Reserve  Affairs.  2011.  Comprehensive  Review  of  the  Future  Role 
of  the  Reserve  Component.  https://www.hsdl.org/?view&did=685426. 

Oliver,  Steven,  Alan  Johnson,  Edward  White,  Marvin  Arostegui.  2001.  “Forecasting 
Readiness:  Regression  Analysis  Techniques.”  Air  Force  Journal  of  Logistics 
(Fall):  1,  No.  3,  31-43. 

Peace,  G.  S.  1993.  Taguchi  Methods  —  A  Hands-on  Approach.  Reading,  MA:  Addison- 
Wesley  Publishing  Company. 

Peter  Sandborn  and  Jessica  Myers.  2008.  Designing  Engineering  Systems  for 
Sustainability.  http://www.enme.umd.edu/ESCML/Papers/ 
SustainmentChapter.pdf 

RAND.  2008.  Insights  on  Aircraft  Programmed  Depot  Maintenance  -  An  Analysis  of  F- 
15  PDM.  Technical  Report  prepared  under  Project  Air  Force  by  Rand 
Corporation,  http://www.rand.org/paf/. 

Reliasoft.  2015.  System  Analysis  Reference:  Reliability,  Availability  &  Optimization. 
http://www.synthesisplatform.net/references/System  Analysis  Reference.pdf 

Ryan,  Julie  and  Daniel  Ryan.  2006.  “Expected  Benefits  of  Information  Security 
Investments.”  Computers  and  Security,  25,  579-588. 

Periyar  Selvam,  U.,  Tamilselvan,  T.,  Thilakan,  S.,  and  Shanmugaraja,  M.  2013. 

“Analysis  on  Costs  for  Aircraft  Maintenance.”  Advances  in  Aerospace  Science 
and  Applications,  3,  no.  3,  177-182. 

Senate.  2009.  “F22  Assertions  and  Facts.”  http://hatch.senate.gov/public/  files/ 
F22AssertionsAndFacts.pdf 

Squadron.  2008.  “355th  Maintenance  Operations  Squadron  Library  Fact  Sheet.” 
http://www.dm.af.mil/librarv/factsheets/factsheet.asp7idffi2126. 

Sriram,  Chellappan  and  Ali  Flaghani.  2001.  “An  Optimization  Model  for  Aircraft 

Maintenance  Scheduling  and  Re-assignment.”  Transportation  Research  Part  4  37, 
29-48. 

Taguchi,  G.  1986.  Introduction  to  Quality  Engineering:  Designing  Quality  into  Products 
and  Processes.  Tokyo,  Japan:  Asian  Productivity  Organization. 

- .  1990.  Introduction  to  Quality  Engineering.  Tokyo,  Japan:  Asian  Productivity 

Organization. 


48 


Transport  Studies  Group.  2008.  Innovative  Cooperative  Actions  of  Research  &  Develop 
in  Eurocontrol  Programme  CARE  INO  III  -  Dynamic  Cost  Indexing.  Contract 
Reference  C06/12400BE.  Transport  Studies  Group. 

USAF.  2015.  “Jobs.”  http://www.afrc.af.mil/ AboutUs/JobOpportunities.aspx 

USAF  F-15.  2007.  “F-15:  So  Long  Sword.”  http://www.af.mil/photos/ 
index, asp‘?»allcr\ID  9&pagc  16 

“USAF  Factsheet.”  2006.  http://www. af.mil/factshccts/factshcet. asp‘?fslD=  1 0 1 

U.S.  Army.  1960.  Army  Aviation  Organizational  Aircraft  Maintenance  and  Supply. 
Department  of  the  Army  Field  Manual  1-10. 

Younossi,  Obaid,  Mark  V.  Arena,  Robert  S.  Leonard,  Charles  Robert  Roll,  Jr.,  Arvind 

Jain,  and  Jerry  M.  Sollinger.  2007.  Is  Weapon  System  Cost  Growth  Increasing?  A 
Quantitative  Assessment  of  Completed  and  Ongoing  Programs.  Rand  Project  Air 
Force,  http://www.rand.org/content/dam/rand/pubs/monographs/2007/ 

RAND  MG588.pdf. 


49 


THIS  PAGE  INTENTIONALLY  LEFT  BLANK 


50 


INITIAL  DISTRIBUTION  LIST 


1 .  Defense  Technical  Infonnation  Center 
Ft.  Belvoir,  Virginia 

2.  Dudley  Knox  Library 
Naval  Postgraduate  School 
Monterey,  California 


51 


